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PREFACE 


The  research  reported  herein  was  supported  by  the  Office  of  Naval  Research, 
Mechanics  Division,  with  Dr.  R.  S.  Miller  as  the  scientific  officer.  This  report 
covers  the  period  1  May  1984  through  30  June  1986.  The  program  was  directed  by 
Dr.  M.  8.  Frankel.  Contributing  to  this  program  were  Dr.  J.  F.  Weber  and  Mr.  M. 
A.  Cunningham.  Dr.  L.  R.  Grant  served  as  the  program  manager.  Dr.  H.  G.  Adolph 
of  the  Naval  Surface  Weapons  Center  provided  valuable  technical  guidance  and  his 
help  Is  gratefully  acknowledged. 
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INTRODUCTION 


There  Is  a  continual  quest  to  upgrade  the  performance  of  state-of-the-art  propel¬ 
lants  and  explosives.  The  three  principal  Ingredients  of  these  systems  are  the 
oxidizer,  plasticizer,  and  polymeric  binder.  Consequently,  a  major  effort  has 
been  carried  out  In  the  past  years  to  synthesize  and  characterize  high-energy, 
high-density  compounds  that  could  be  utilized  for  these  applications.  Recent 
research  work  by  Dr.  H.  G.  Adolph  at  the  Naval  Surface  Weapons  Center  (NSWC)  has 
revealed  three  attractive  new  propellant  and/or  explosive  Ingredients.  These 
compounds  are  1 ,3,3,5,7,7-hexanltrooctahydro-l ,5-dlazoclne,  a  high-energy  solid 
oxidizer  candidate;  4,5-b1s(f luorodlnltromethyl )-l ,3-dloxalane  ( DHFEFO) ,  a  high- 
density  liquid  plasticizer  candidate;  and  certain  fluorlnated  polyformals,  which 
are  high  density  prepolymer  candidates.  The  objective  of  this  program  was  to 
synthesize  and  characterize  sufficient  quantities  of  these  materials  so  that  they 
could  be  more  fully  evaluated  by  the  technical  staffs  at  NSWC  and  the  Naval 
Weapons  Center  (NWC). 
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DISCUSSION 


4,5-8IS( FLUORODINITROM£THYL)-l ,3-DIOXALANE 

In  the  continuing  search  for  new  plasticizer  candidates  with  Improved  energy  and 
physical  properties,  attention  was  centered  on  4,5-b1s(fluorod1n1tromethyl)-l ,3- 
dloxalane  (OHFEFO) ,  a  new  compound  discovered  by  Dr.  H.  G.  Adolph  at  NSWC 
(Ref.  1).  DHFEFO  was  reported  to  have  a  higher  density  than  the  plasticizer 
b1s(2,2,2-fluorod1n1troethyl)  formal  (FEFO).  The  higher  density  of  DHFEFO  Is  an 
Important  factor  since  the  detonation  pressure  of  an  explosive  Ingredient  Is 
proportional  to  the  square  of  Its  density.  In  addition,  the  freezing  point  of 
DHFEFO  was  reported  to  be  significantly  lower  than  that  of  FEFO,  which  Is  a  very 
desirable  property  for  a  plasticizer.  These  attractive  features  of  DHFEFO  war¬ 
ranted  Its  evaluation  In  advanced  explosive  compositions  being  developed  by  the 
Navy. 

A  two-phase,  DHFEFO  production  program  was  anticipated.  During  the  first  phase, 
a  quantity  less  than  1  pound  of  OHFEFO  would  be  prepared  and  characterized  at 
Rocketdyne.  A  DOT  shipping  classification  would  be  obtained  from  the  Navy  and 
the  material  then  shipped  to  the  NWC  for  evaluation  as  an  explosive  Ingredient. 
If  this  evaluation  proved  to  be  favorable,  then  an  additional  15  pounds  of  the 
material  would  be  prepared  for  further  testing.  On  the  other  hand.  If  the  evalu¬ 
ation  was  unfavorable,  additional  efforts  on  DHFEFO  would  not  be  warranted,  and 
the  work  would  be  terminated. 

Synthesis  and  Characterization  of  OHFEFO 

Adolph's  procedure  for  the  synthesis  of  DHFEFO  Involves  a  four-step  reaction 
sequence  as  shown  below: 
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F  FeSO./OOH- 

hc(no2)3 - - — -fc(no2)3 - - - —  fc(no2)2h 

H* 

1  2  3 

2FC(N0JoH  *  OHCCHO  -►  FC(N0o)oCHCHC(N0o)oF 
2  2  2  2|  |  22 

OHOH 

4 

(CH20)n/CF3S03H 
FC(N02)2CHCHC(N02)2F 

0  0 

\l 

CH2 

5 

The  aqueous  fluorlnatlon  of  nltroform  (1)  gave  f luorotrlnltromethane  (2),  Ref.  2. 
Reduction  of  2  to  f luorodlnltromethane  (3)  was  then  carried  out,  using  the  fer¬ 
rous  salt  catalyzed  acid  peroxide  reaction  (Ref.  3).  The  Michael  addition  of  3 
to  glyoxal  produced  1 ,4-dlf luoro-1 ,1 ,4,4-tetran1trobutane-2,3-d1ol  (4),  Ref.  4. 
The  first  four  steps  proceeded  smoothly  according  to  the  published  procedures. 
The  final  step  In  this  procedure  Involved  the  cycllzatlon  of  4  with  trloxane  In 
the  presence  of  trlf luoromethanesulfonlc  acid  to  yield  4,5-b1s(f luorodlnltro- 
methyl )-l ,3-dloxalane  (5).  DHFEFO  had  only  been  prepared  on  a  gram  scale  at  NSWC 
and  Its  physical  properties  were  not  completely  characterized.  Furthermore,  only 
a  very  limited  effort  had  been  previously  expended  on  this  preparative  procedure. 
Therefore,  a  series  of  larger  size  runs  (10  to  500  grams)  were  conducted  to 
determine  any  scaling  problems  associated  with  the  final  step  of  the  sequence, 
and  to  provide  sufficient  quantities  of  DHFEFO  for  Its  evaluation  by  NWC. 
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Table  1  summarizes  the  results  obtained  on  the  basis  of  10  runs.  The 
10-gram-size  runs  were  conducted  primarily  to  determine  the  effects  of  reaction 
temperature,  time,  and  alteration  of  the  glycol  to  trloxane  molar  ratio  on  the 
yield  of  5.  The  best  yield  of  3914  was  obtained  from  Run  7,  which  employed  a 
reaction  time  of  20  hours  and  a  maximum  temperature  of  60  C.  In  all  of  these 
runs,  a  contributing  factor  to  the  low  yields  was  the  recovery  of  significant 
amounts  (63  to  82%)  of  unreacted  glycol. 

On  the  basis  of  the  results  obtained  from  these  small-scale  runs,  the  larger  size 
runs  (50  to  500  grams  of  the  glycol)  were  generally  conducted  at  a  reaction  tem¬ 
perature  of  60  C  and  for  a  period  of  approximately  24  hours.  The  yields  of  5 
varied  from  5.6  (Run  4)  to  34.7%  (Run  9),  and  decreased  with  Increasing  amounts 
of  glycol  utilized.  There  was  an  obvious  scaling  problem  associated  with  this 
reaction,  but  no  definitive  reasons  for  this  or  solutions  to  the  problem  were 
determined . 

The  130  grams  of  5  that  were  produced  from  the  above  10  runs  was  of  high  purity 
based  on  Its  liquid  chromatographic  and  Infrared  analyses  (Fig.  1).  The  data 
summarized  In  Table  2  also  confirmed  the  compound’s  previously  reported  high 
density,  low  freezing  point,  and  relative  Insensitivity  to  Impact.  Although  the 
differential  scanning  calorlmetery  (DSC)  results  Indicated  DHFEF0  to  be  thermally 
stable,  the  weight  loss  data  at  74  C  (Table  2)  revealed  It  to  be  quite  volatile. 

Evaluation  of  DHFEFO 


An  Interim  shipping  classification  of  "Class  B  Explosive"  was  obtained  for  DHFEFO 
and  107  grams  were  shipped  to  the  NWC  for  evaluation.  The  DHFEFO  was  formulated 
with  other  materials  to  give  a  final  composition  consisting  of  75  HMX/18.75 
DHFEF0/6.25  8AM0  NMNC.  This  system  cured  well,  no  compatibility  problems  were 
noted,  and  It  exhibited  very  good  mechanical  properties.  However,  during  the 
accelerated  aging  studies.  It  was  found  that  36  w/o  of  the  DHFEFO  was  lost  after 
40  days  at  55.6  C  (132  F).  This  high  rate  of  plasticizer  loss  Is  unacceptable 
for  an  explosive  Ingredient  and,  therefore.  It  was  recommended  that  no  further 
work  be  done  on  the  DHFEFO.  The  program  was  then  modified  to  replace  the  Intended 
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Figure 


TABLE  2.  DATA  SHEET  FOR  OHFEFO 


NAME 

STRUCTURE 


FORMULA 

MOLECULAR  WEIGHT 
DENSITY 

FREEZING  POINT 
IMPACT  SENSITIVITY 
THERMAL  STABILITY 
WEIGHT  LOSS  (74  C).  % 

24  HOURS 
51  HOURS 
72  HOURS 

SHIPPING  CLASSIFICATION 


4 , 5-BIS( FLUORODINITROMETHYL) -1 ,3-DlOXALANE 
fc(no2)2chchc(no2)2f 


0  0 


318 

1 .675  g/cc  at  25  C 
-50  C 
89  In. -lb 

184  C  (onset  of  exotherm,  based  on  DSC  measurements) 

15.0 

40.3 

55.3 

Class  B  Explosive  (25  w/o  solution  In  CH^C 1 ^ ) 
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scaleup  work  on  OHFEFO  with  the  synthesis  of  1 ,3,3,5,7,7-hexanltrooctahydro- 
1 ,5-dlazoclne  and  the  specific  fluorlnated  polyformals  described  below. 


1 , 3,3,5,7,7-HEXANITR00CTAHYDR0-l ,5-OIAZOCINE 

Interest  In  1 ,3, 3,5,7, 7-hexanltrooctahydro-l ,5-dlazoclne  (]±)  as  a  dense,  high- 
energy  oxidizer  Is  based  on  Its  structural  similarity  to  HMX,  wherein  the  sym¬ 
metry  of  HMX  Is  maintained  by  replacement  of  two  nltramlno  groups  with  dlnltro- 
methylene  moieties.  The  preparative  procedure  for  XI  was  based  on  a  four-step 
reaction  sequence  (Ref.  5): 


2(N02)2C(CH20H)2 


KOH 


NH 

2KC(N02)2CH20H  - 


hwkh2c(no2)2k]2 


6 


7 


8 


HNO, 


H2S04 


02NNtCH2C(N02)2H], 


NH, 


ch2o 


10 


HNO, 


h2so4 


(no2)2 


CH2  -  C  -  CH2 


02NN 


NNOn 


CH2  -  C  -  CH2 


(no2)2 


11 


(N02)2 

! 

CH2— c  —  CH2 

I  I 

0„NN  NH 

I  I 

CH„ —  C  —  CH0 
2  |  2 

(no2)2 

10 
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The  first  step,  treatment  of  2, 2-dlnltro-l , 3-propanedlol  (6)  with  potassium 
hydroxide,  gave  quantitative  yields  of  potassium  2,2-dlnltroethanol  (7).  This 
salt,  as  well  as  the  other  compounds  prepared  In  this  sequence  of  reactions,  were 
considered  to  be  Impact-sensitive  materials  and  were  always  handled  solvent  wet. 
Consequently,  only  approximate  yields  were  obtained,  which  were  based  on  drying  a 
small  aliquot  of  the  wet  products.  The  synthesis  of  7  was  scaled  up  twice  to  the 
8.68  mole  size,  which  gave  about  1500  g  of  product  (m.p.  123-124  J)  per  run. 

The  preparation  of  8,  by  the  Mannlch  condensation  of  7  with  ammonia  was  based  on 
the  original  procedure  of  Klager  (Ref.  6).  This  procedure  was  found  to  give 
substantial  amounts  of  the  tr1s(potass1o-2,2-d1n1troethyl)  amine  (8a)  as  well  as 
the  desired  8: 

NH  ,  NH3 

1  — - -  Hf*fCH2C(N02)2K]2  - -  WfCH2C(N02)2K]3 

8  8a 

The  formation  of  8a  was  eliminated  by  the  Incremental  addition  of  ammonia  during 
the  reaction.  The  synthesis  of  8  was  scaled  up  twice  to  the  4.14  mole  size, 
which  yielded  about  600  g  per  run  of  salt,  m.p.  145-146  d. 

Nitration  of  8  to  9  was  carried  out  on  a  1  to  2  mole  scale  and  product  yields  In 
the  range  of  60  to  70%  were  obtained.  Five  nitration  runs  were  conducted  which 
gave  several  pounds  of  9,  m.p.  100-102  d  (Ref.  5,  m.p.  98.5-99.5  d).  The  Mannlch 
condensation  of  9  with  ammonia  and  formaldehyde  yielded  1 , 3,3,7, 7-pentanltro- 
octahydro-1 ,5-dlazoclne  (10).  The  product  yields  from  this  reaction  were  low 
(34%)  and  a  total  of  five  1-mole  runs  had  to  be  carried  out  to  provide  sufficient 
amounts  of  this  material  for  conversion  to  the  requisite  amount  of  H  for  ship 
ment.  Each  of  the  1-mole  runs  gave  about  113  g  of  lj),  m.p.  122  140  d  (Ref.  5, 
m.p.  160  d).  The  final  step,  nitration  of  10,  produced  the  desired  1, 3, 3, 5,7,7- 
hexnl trooctahydro  1 ,5  dlazoclne  (H).  A  total  of  600  g  of  1J  was  prepared  In  6 
runs,  m.p.  250-252  d  (Ref.  5,  m.p.  250  d),  In  yields  ranging  from  73  to  91%. 
Elemental  analyses  confirmed  the  Identity  and  purity  of  the  product. 
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The  Impact  sensitivity  of  H  was  found  to  be  30  In. -lb  (HMX  =  40).  On  this 
basis,  an  Interim  DOT  shipping  classification  as  a  "Class  A  Explosive"  was 
obtained  from  the  Navy  and  the  material  was  shipped  to  NSWC  for  evaluation. 


FLUOROPOLYFORMALS 

Hydroxy-terminated  f luoropolyformal s  are  of  Interest  as  binders  for  high-energy, 
castable,  explosive  compositions,  primarily  because  of  the  high  density  that  the 
f luoropolymer  contributes  to  the  system.  Two  fluorlnated  polyformals,  based  on 

2.2.3.3.4.4- hexaf luoro-1 ,5-pentanedlol  (12.)  and  2,4,4,5,5,6,6-heptafluoro-2-tr1- 
f luoromethyl-3-oxa-l ,7-heptanedlol  (15),  were  synthesized  during  this  program 
employing  preparative  methods  (Ref.  7)  developed  by  Dr.  H.  G.  Adolph  of  the 
NSWC.  The  following  sections  present  the  results  of  these  Investigations. 

2.2.3.3.4.4- Hexaf luoro-1 . 5-Pentanedlol  Polyformal 

The  Initial  efforts  made  to  prepare  the  polyformal  of  1_2  were  based  on  the  con¬ 
densation  of  12  with  trloxane  In  the  presence  of  trlf luoromethanesulfonlc  acid. 
The  products  of  these  reactions  were  low  molecular  weight  polymers.  The  poly¬ 
formal  of  12.,  with  a  more  desirable  number  average  molecular  weight  (Mn)  of  2500 
to  5000,  had  been  prepared  by  Adolph  via  the  Intermediate  cyclic  monomer  (13)  as 
shown  below: 


hoch2(cf2)3ch2oh  +  (ch2o)3 


CF3S°3H 


CF3S03H  ♦  12 


HOKH2(CF2)3CH2OCH2Oi-nCH2(CF2)3CH2OH 


This  procedure  was  followed  In  the  subsequent  preparative  runs 
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The  cyclic  monomer,  (13),  was  prepared  by  the  trlf luoromethanesulfonlc  acid  (trl- 
f 1 1c  acid)  catalyzed  condensation  of  the  dlol  with  paraformaldehyde  In  methylene 
chloride  at  ambient  temperature.  Thirteen  pounds  (5.9  kg)  of  the  dlol  (12), 
supplied  by  3M,  were  converted  to  the  cyclic  formal  In  four  large-scale  runs  of 
approximately  3  pounds  (1.4  kg)  each.  The  product  was  Isolated,  after  neutrali¬ 
zation  of  the  acid,  by  a  careful  fractional  distillation  of  the  solvent, 
unreacted  formaldehyde  (as  trloxane),  and  product  In  the  order  given.  As 
described  below,  the  quality  of  the  cyclic  monomer  Is  crucial  In  the  subsequent 
polymerization  reactions.  The  yields  of  13  averaged  about  80%  for  the  four 
runs.  The  remaining  quantity  of  1_2  (-500  g)  was  reserved  for  use  as  part  of 
the  catalyst  system  for  the  polymerization  reactions. 

Polymerization  of  the  cyclic  monomer  Is  Initiated  with  a  catalytic  amount  of  dlol 
12  and  trlfllc  acid.  The  relative  amounts  of  12  and  1JJ  determine  the  molecular 
weight  of  the  resultant  polymer.  As  a  rough  approximation,  dividing  the  total 
weight  of  12  and  13  by  the  number  of  moles  of  1_2  gives  a  good  estimate  of  the 
resultant  polymer's  Mn: 


un  ~  mass  of  dlol  +  mass  of  formal 
moles  of  dlol 

The  Mn  values  shown  In  Table  3  were  determined  experimentally  by  means  of  high 
pressure  gel  permeation  chromatography  (6PC) .  This  method  measures  the  relative 
size  distribution  of  the  polymers.  The  absolute  Mn  values  are  assigned  by  com¬ 
parison  with  a  set  of  standards  of  known  molecular  weights.  Ideally,  known  oil 
gomers  of  the  polymer  being  studied  are  used  as  standards.  This  method  was  used 
by  NSWC ,  because  their  chromatographic  system  resolved  the  oligomers  from  dimer 
to  at  least  the  pentamer.  The  Instrument  used  at  Rocketdyne  did  not  resolve  these 
oligomers  and  was  standardized  with  known  polypropylene  glycol  samples.  Conse 
quently,  the  resultant  experimental  values  obtained  at  Rocketdyne  were  lower  than 
the  NSWC  values,  and  the  size  of  this  error  was  larger  for  the  higher  molecular 
weight  polymers. 
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•DETERMINED  BY  GPC  USING  POLYFORMAL  OLIGOMERS  AS  STANDARDS 


i 

;  In  all,  14  polymerizations  were  carried  out  on  a  scale  from  -22  g  to  -1400  g 

|  of  starting  material  (Table  3).  The  first  two  runs  (Runs  1  and  2)  were  conducted 

|  with  small  samples  of  the  cyclic  formal  which  were  prepared  separately  and  care¬ 

fully  purified.  These  served  as  pilot  runs  to  assess  the  polymerization  reaction 
i  prior  to  the  larger  scale  preparations. 

i 

i 

i 

After  synthesis  of  the  first  three  large  batches  of  13,  trial  polymerizations 
were  carried  out  to  prepare  a  polymer  with  a  nominal  Mn  of  2500  (Runs  3-9).  The 
molecular  weights  of  the  products  from  the  first  six  reactions  (3  through  8)  were 
erratic  and,  aside  from  unreacted  1_3,  were  considerably  higher  than  the  desired 

Mn.  Examination  of  the  NMR  spectra  of  the  cyclic  formal  used  for  these  polymeri¬ 

zations  Indicated  that  It  contained  a  significant  (~  10  mol%)  amount  of  formal¬ 
dehyde  (determined  as  trloxane).  The  presence  of  this  Impurity  was  shown  to  be 
the  cause  for  formation  of  the  lower  Mn  materials.  For  example,  the  cyclic 
|  Intermediate  used  for  Run  9  was  trloxane- free  and,  as  a  result,  a  product  with 

the  expected  Mn  value  was  obtained.  (Compare  Mn  values  for  Runs  9  and  5.) 

Following  these  runs,  a  final  large-scale  preparation  of  13  was  carried  out. 

|  This  product  and  all  of  the  13  on  hand  was  carefully  fractionally  distilled  to 

produce  -  3.9  kg  of  trloxane  free  (by  NMR)  product.  The  next  5  runs  (10 
through  14)  used  this  very  pure  material.  The  objective  of  these  particular  runs 
was  to  produce  approximately  2  pounds  each  of  the  polyformal  with  a  Mn  of  approx- 
|  Imately  2500  and  5000,  arid  any  residual  13  was  to  be  converted  to  a  material 

exhibiting  a  Mn  of  -  3500.  Runs  10  and  12  were  conducted  under  conditions 
expected  to  yield  a  product  with  a  Mn  of  -  2500,  whereas  11  and  13  were  per¬ 
formed  to  produce  a  5000  Mn  polymer.  The  last  run  was  scheduled  to  synthesize 
|  the  3500  Mn  material.  The  total  quantities  of  the  polyformals  synthesized  were: 

2.15  pounds  (Mn  ^  2571  ),  1.93  pounds  (Mn  =  5453)  and  2.17  pounds  (Mn  =  2746). 
The  Mn  values  given  are  those  obtained  by  NSWC.  Only  In  the  latter  case  was  the 

Mn  value  of  the  polymer  less  than  desired.  The  average  polymer  yield  from  Runs 

10  through  14  was  71%,  with  20%  of  the  starting  cyclic  formal  recovered  during 
workup . 

i 
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A  small  sample  (~  50  g)  of  dlol  15,  received  from  3M,  was  converted  to  Us 
polyformal  (H)  by  the  acid  catalyzed  condensation  with  formaldehyde  (generated 
from  paraformaldehyde): 

*iF3  80%  HpSO.  *jF3 
H0-CH2CF-0-CH2(CF2)3CH20H  *  (CH20)n  (ZTw  ^eY4)~~  H°[CH2CF0CH2(CF2)3CH20CH20]nH 

11  16 

The  resultant  polymer  was  not  very  soluble  In  methylene  chloride  and  NSWC  deter¬ 
mined  that  It  was  Incompatible  with  the  energetic  plasticizer  FEFO.  For  this 
reason,  no  further  work  on  this  polymer  was  pursued. 
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EXPERIMENTAL 


Many  of  the  compounds  reported  herein  are  sensitive  explosives  and  should  be 
handled  with  appropriate  care.  Melting  points  are  uncorrected  and  the  micro¬ 
analyses  were  performed  by  Galbraith  Laboratories.  NMR  spectra  were  run  as 
deuterlochloroform  solutions  In  a  Varlan  EM-390  spectrophotometer.  Chemical 
shifts  are  reported  In  parts  per  million  (ppm)  down  field  from  Internal  tetra- 
methylsl lane. 

SYNTHESIS  OF  4 , 5-BIS( FLU0R00INI TROMETHYL) -1 , 3-DIOXALANE 

The  typical  experimental  conditions  employed  for  synthesis  of  the  Intermediate 
d 1 o 1  (4)  and  Its  dloxalane  derivative  are  described  In  the  following  paragraphs. 

1 ,4-Dlf luoro-1 .1 .4.4-Tetran1trobutane-2.3-D1o1  ( 4) 

A  solution  of  874.5  g  (7.05  mol)  of  f luorodlnltromethane  In  2500  g  of  methylene 
chloride  was  cooled  In  an  Ice  bath  and  diluted  with  1680  ml  of  water.  To  the 
stirred  mixture  was  added  648.5  g  (3.36  mol)  of  30%  aqueous  glyoxal  during  85 
minutes,  while  maintaining  the  reaction  temperature  at  2-5  C  by  external  cool¬ 
ing.  During  addition  of  the  glyoxal,  an  aqueous  sodium  bicarbonate  solution  was 
added  as  required  to  buffer  the  reaction  mixture  at  a  pH  of  6. 5-7. 5.  The  reac¬ 
tion  mixture  was  subsequently  acidified  with  dilute  hydrochloric  acid,  saturated 
with  sodium  chloride  and  extracted  with  4  x  850  ml  portions  of  ether.  The  com 
blned  extracts  were  dried  over  anhydrous  sodium  sulfate  and  concentrated  to  857.8 
g  (83.4%)  of  crude  product  (m.p.  104  169  C) .  Two  recrystal  1 1 zatlons  from  ethylene 
dlchlorlde  at  a  ratio  of  7  ml/g  gave  640.3  g  (62.3%)  of  the  purified  product  with 
an  m.p.  of  178-180  C. 
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4.5-B1s(f luorodlnltromethyl )-1 ,  3-01 oxa lane  ( 5) 

To  574  g  (3.82  mol)  of  triflic  acid  was  added  5  g  (0.056  mol)  of  trloxane.  The 
mixture  was  stirred  at  ambient  temperature  until  the  trloxane  had  dissolved. 
1 ,4,-Dlf luoro-1 ,1 ,4,4-tetran1trobutane-2,3-d1ol ,  50  g  (0.163  mol),  was  then 

added  and  the  reaction  mixture  heated  at  60  C  for  22  hours,  cooled  to  5-10  C,  and 
filtered  to  recover  32.9  g  (65.8%)  of  unreacted  dlol.  The  filtrate  was  quenched 
In  Ice  and  extracted  with  methylene  chloride.  The  methylene  chloride  solution 
was  washed  with  water,  4%  sodium  bicarbonate,  water,  dried,  and  passed  through  a 
chromatographic  column  of  basic  alumina  and  silica  gel.  Concentration  of  the 
solution  gave  18.0  g  (34.7%)  of  product. 

PREPARATION  OF  1 ,3,3,5.7.7-HEXANITR00CTAHYDR0-l ,5-DIAZOCINE 

The  experimental  conditions  utilized  for  the  synthesis  of  the  target  compound  and 
Its  Intermediates  were  as  follows. 

Potassium  2.2-D1n1troethanol  (7) 

A  solution  of  1440  g  (8.68  mol)  of  2,2-dlnltro-l ,3-propanedlol  In  3360  g  of  Iso 
propyl  ether  was  cooled  In  an  Ice  bath  and  a  solution  of  571.9  g  (8.68  mol)  of 
potassium  hydroxide  In  2.7  a  of  methanol  added  during  1.5  hours,  while  keeping 
the  reaction  temperature  at  5-10  C.  The  reaction  mixture  was  stirred  for  an 
additional  30  minutes  and  the  yellow  solid  was  then  collected  In  a  quantitative 
yield,  washed  with  2  x  1  l  of  methanol  and  stored  solvent  wet.  A  dried  sample 
of  the  product  melted  at  123-124  d. 

81s( Potass1o-2,2-01n1troethyl )  Amine  (8) 

To  a  mixture  of  702  g  (4.14  mol)  of  potassium  2,2-dlnltroethanol  and  900  ml  of 
water  was  added  500  ml  of  28-30%  ammonium  hydroxide.  The  mixture  was  stirred  for 
1  hour  at  ambient  temperature,  then  heated  to  55  C  for  2  hours.  An  additional 
quantity  of  160  ml  of  ammonium  hydroxide  was  added  and  the  reaction  mixture  then 
maintained  at  55  C  for  1  hour.  A  final  portion  of  80  ml  of  ammonium  hydroxide 
was  added  after  this  time.  After  another  hour  at  55  60  C,  the  reaction  mixture 
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was  cooled  In  an  Ice  bath.  The  product  was  then  collected,  washed  with  3  x  250  ml 
of  methanol  and  3  x  250  ml  of  methylene  chloride.  The  dried  material  exhibited  a 
m.p.  of  145-146  d.  The  solvent  wet  salt  was  stored  In  a  refrigerator  until  used 
for  the  next  reaction.  j 

B1s(2.2-01n1troethv1 )  Nltramlne  (9) 

A  mixture  of  681  g  (2.07  mol)  of  b1s(potass1o-2,2-d1n1troethyl )  amine  and  3.5  J.  j 

of  methylene  chloride  was  cooled  to  0  C.  A  solution  of  736  ml  (17.54  mol)  of  98%  J 

nitric  acid  and  132  ml  of  96%  sulfuric  acid  was  added  during  45  minutes  at  -5  to 

0  C.  An  additional  1260  ml  of  96%  sulfuric  acid  was  then  added  over  a  1-hour 

period,  while  maintaining  the  reaction  temperature  at  -5  to  0  C.  The  mixture  was  ' 

1 

then  stirred  for  2.5  hours  at  0-3  C  and  the  product  collected  and  washed  sequen-  j 

tlally  with  cold  80%,  60%,  30%,  10%,  and  1%  sulfuric  acid  and  Ice  water  to  give 

352.9  g  of  a  water-wet  white  solid.  The  product  had  a  m.p.  of  100-102  d.  j 

i 

1 .3.3.7.7- Pentanltrooctahydro-l .5-D1azoc1ne  (10) 

A  mixture  of  1872  ml  of  40%  aqueous  methanol  and  89  ml  of  glacial  acetic  acid  was 
cooled  In  an  Ice  bath  and  292  g  (0.98  mol)  of  bl  s(  2 , 2  -  d  1  n  1  troethyl )  nltramlne 
added  at  0  10  C.  Concentrated  ammonium  hydroxide,  194  ml  (1.46  mol),  was  added 
over  an  Interval  of  45  minutes  at  5-10  C,  followed  by  the  addition  of  243  ml  (3.0 
mol)  of  37%  formaldehyde.  The  pH  was  then  adjusted  to  4. 8-5.0  and  the  reaction 
mixture  stirred  for  2  hours  at  ambient  temperature.  The  yellow  solid  was  col¬ 
lected,  washed  with  3  x  350  ml  of  water,  dissolved  In  1100  ml  of  acetone,  and 
filtered  to  remove  a  solid  Impurity.  Concentration  of  the  acetone  solution  gave 
113.3  g  (34.1%)  of  product,  melting  at  122-140  d. 

I 

I 

( 

1 .3.3.5.7.7- Hexanltrooctahydro-l ,5-Dlazoclne  (11 ) 

To  464  ml  of  98%  sulfuric  acid  was  added  113  g  (0.33  mol)  of  1 ,3,3 , 7 ,7-penta 
nltrooctahydro- 1 ,5-dlazoclne  at  0-5  C.  A  mixed  acid  solution  of  170  ml  of  98%  ' 

nitric  acid  and  232  ml  of  98%  sulfuric  acid  was  added  during  30  minutes  at  5-10 
C.  The  reaction  mixture  was  stirred  for  45  minutes  at  5-10  C  and  quenched  on 
Ice.  The  white  solid  formed  was  collected,  washed  with  water,  and  dried  to 
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give  116.8  g  (91.3%)  of  product,  m.p.  252  d.  Elemental  analyses:  calculated  for 
C.HoNo01o:  C,  18.75;  H,  2.08.  Found:  C,  18.60;  H,  2.43. 

D  O  O  i  c 

SYNTHESIS  OF  FLU0R0P0LYF0RMALS 


The  preparative  reaction  conditions  used  for  the  Intermediate  cyclic  formal 
(13)  and  the  f luoropolyformal s  of  2,2,3,3,4,4-hexaf luoro-1 ,5-pentanedlol  and 
2,4,4,5,5,6,6-heptaf luoro-2-trlf luoromethyl-3- oxa-1 ,7-heptanedlol  were  as  follows. 


5.5.6.6.7.7-Hexaf luoro-1 .3-D1oxocane  (13 


The  following  Is  representative  of  the  conditions  employed  for  the  preparation  of 
the  cyclic  formal  (1_3).  To  a  12  1  flask  charged  with  1401.3  g  (6.61  mol)  of 
2,2,3,3,4,4-hexaf luoro-1 ,5-pentanedlol  and  260  g  (8.67  mol)  of  paraformaldehyde 
In  6  a  of  methylene  chloride  was  added  585  ml  of  trlf luoromethanesulfonlc  acid 
(992  g;  6.61  mol)  In  about  25  minutes.  The  temperature  dropped  to  15  C  Ini¬ 
tially,  then  rose  to  24  C  at  the  completion  of  the  addition.  This  mixture  was 
stirred  at  ambient  temperature  for  2  hours  and  then  the  reaction  was  stopped  by 
addition  of  3  a  of  Ice  water.  The  layers  were  separated,  and  the  aqueous  layer 
was  extracted  with  2  a  of  methylene  chloride.  The  organic  layers  were  com¬ 
bined,  washed  twice  with  2  a  of  a  saturated  NaCa  solution,  dried 

(Na^SO^),  and  filtered  Into  a  distillation  pot.  The  solvent  was  removed  by 
distillation  through  a  short  Vlgreux  column  at  ambient  pressure.  A  forerun  frac¬ 
tion,  containing  trloxane  and  some  product,  was  collected  at  70-165  C.  The  un- 
distill ed  material  was  then  cooled  and  transferred  to  a  smaller  pot  and  the  pro¬ 
duct  distilled  at  65-70  C  (20  mm  Hg)  Into  an  Ice-cooled  receiver  to  give  1241  g 
(86%  yield)  of  the  purified  13.  The  forerun  from  this  distillation,  which  was 
about  65%  T_3 ,  was  saved  for  later  redlstl  nation.  NMR  (CDC8.3)  of  the  d  1  s 
tilled  product:  singlet  at  4.70  ppm,  multlplet  at  4.07  ppm  (trloxane  resonates 
at  5.07  ppm  as  a  singlet). 
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The  following  procedure  used  for  Run  13  Is  representative  of  the  preparation  of 
the  various  polyformals. 


A  2  l,  three-necked  round  bottom  flask  with  a  mechanical  stirrer,  nitrogen 
Inlet,  and  small  addition  funnel  was  charged  with  1301.8  g  (5.81  mol)  of  the 

cyclic  formal  (1_3)  and  52.1  g  (0.246  mol)  of  the  dlol  (1_2).  This  mixture  was 

then  heated  to  60  C  In  an  oil  bath  for  1  hour.  To  the  homogeneous  solution  was 
added  13.0  ml  of  trlf  luoromethanesulfonlc  acid  (22.0  g,  0.147  mol)  over  a 

70  minute  period.  The  mixture  was  stirred  under  nitrogen  for  20  hours  at  60  C, 
then  cooled  to  room  temperature  and  diluted  with  3  l  of  CH^Ca^.  The 
resulting  solution  was  poured  Into  one  consisting  of  800  ml  of  30%  H^O^,  1.6 
a  of  10%  K0H,  and  2.4  a  of  saturated  NaCa  and  stirred  for  1  hour.  The 

layers  were  separated  and  the  aqueous  layer  was  extracted  with  1  a  of 
CH?Ca?  The  combined  organic  layers  were  washed  with  5  a  of  saturated 
NaCa.  An  emulsion  formed  which  was  slow  to  separate.  The  very  wet  organic 

layer  was  dried  with  MgSC>4,  filtered,  and  concentrated.  Final  stripping  was 
carried  out  on  a  rotary  evaporator  at  105  C  under  a  hard  vacuum.  The  vacuum 

traps  collected  265  g  (20%)  of  unreacted  cyclic  monomer.  The  cloudy  product  was 
turbid  with  fine  suspended  solids,  so  It  was  redlssolved  In  3  a  of 
CH2Ca2>  filtered  through  250  g  of  silica  gel,  and  reconcentrated  to  give 
840  g  (62%)  of  a  clear,  viscous  polymer.  6PC  analysis  of  this  material  (see 

Fig.  2),  using  polypropylene  glycol  standards,  gave:  Mn  =  2994,  Mw  =  4109,  0  = 

1.37.  The  NSWC  values  obtained  on  the  same  polymer  were:  Mn  =  5453,  Mw  =  10960, 
Q  =  2.01 . 

Neither  emulsion  formation  nor  the  aforementioned  solids'  problems  were  encoun¬ 
tered  during  the  Isolation  of  the  other  two  (lower  molecular  weight)  polymers 
prepared.  Consequently,  these  materials  were  not  purified  further  by  the  silica 
gel  treatment.  The  Rocketdyne  GPC  analytical  curves  for  the  other  two  fluoro 
polyformals  are  shown  In  Figs.  3  and  4  for  which  the  Mn  values  obtained  by  NSWC 
were  2571  (Fig.  3)  and  2746  (Fig.  4),  respectively. 
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2.4.4.5.5.6.6-Heptaf luoro-2-Trlf 1uoromethyl-3-0xa-l .  7-Heptanedlol  Polyformal  (16 


- — - - - — - - - -  1 

i 

In  a  500  ml,  three-neck  round  bottom  flask,  50.1  g  (0.153  mol)  of  the  dlol  (1_5) 

and  30  ml  of  80%  H2S04  were  stirred  at  room  temperature  until  homogeneous, 

and  40  ml  of  CH2C!l2  was  then  added.  The  milky  mixture  was  cooled  In  an  Ice 

bath  and  a  solution  of  4.6  g  (0.153  mol)  of  paraformaldehyde  In  23  ml  of  90% 

H.S0 .  added  dropwlse.  The  mixture  was  stirred  at  room  temperature  for  24 
2  4 

hours,  and  the  light  brown  mixture  then  poured  over  300  g  of  Ice  and  stirred  with 

300  ml  of  ether  and  30  ml  of  30%  H202-  After  stirring  for  1  hour,  the  layers 

were  separated  and  the  organic  phase  was  washed  with  250  ml  of  5%  KOH  and  15  ml 
of  30%  H202  followed  by  two  brine  washes.  The  solution  was  dried  and  concen¬ 
trated  under  a  GN2  sparge.  The  resulting  mixture  was  stripped  of  volatiles 

under  a  high  vacuum  while  heating  at  110  C  overnight.  The  light  brown,  cloudy 
residue  was  dissolved  In  250  ml  of  CH2Ct2,  filtered  through  20  g  of  silica 
gel,  and  reconcentrated  to  give  37  g  (74%)  of  polymer.  GPC  analyses  of  this  mate 
rial,  using  polypropylene  glycol  standards,  gave:  Mn  =  1291,  Mw  =  2074,  Q  =  1.61. 
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GLOSSARY 


BAMO 

3,3-B1s(az1domethyl Joxetane 

OHFEFO 

4,5-B1s(f luorodlnltromethyl )-l ,3-dloxalane 

DSC 

Differential  Scanning  Calorimetry 

FEFO 

B1s(2,2,2-f luorodlnltroethyl)  formal 

GPC 

Gel  Permeation  Chromatography 

HMX 

Cyclotetramethylene  tet rani t rami ne 

Mn 

Number  Average  Molecular  Weight 

Mw 

Weight  Average  Molecular  Weight 

NMMO 

3-N1tratomethy1-3-methyloxetane 

NSWC 

Naval  Surface  Weapons  Center 

NWC 

Naval  Weapons  Center 

0 

Dlsperslty  (Mw/Mn) 

Triflic  Acid 

Trlf luoromethanesulfonlc  Acid 

RI/RD86-21 6 
25 


Revised:  January  1985 


APPENDIX  A 

DISTRIBUTION  LIST 


Dr.  R.S.  Miller 
Office  of  Naval  Research 
Code  432P 

Arlington,  VA.  22217 
(10  copies) 

Dr.  A.L.  Slafkosky 
Scientific  Advisor 
Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  DC  20380 

JHU  Applied  Physics  Laboratory 
ATTN:  CPAI  (Mr.  T.W.  Christian) 
Johns  Hopkins  Rd. 

Laurel,  MD  20707 


Dr.  Kenneth  D.  Hartman 
Hercules  Aerospace  Division 
Hercules  Incorporated 
Alleghany  Ballistic  Lab 
P.0.  Box  210 
Washington,  DC  21502 

Mr.  Otto  K.  Heiney 

AFATL-DLJG 

Elgin  AFB ,  FL  32542 

Dr.  Merrill  K.  King 
Atlantic  Research  Corp. 

5390  Cherokee  Avenue 
Alexandria,  VA  22312 

Dr.  R.L.  Lou 

Aerojet  Strategic  Propulsion  Co. 
Bldg.  05025  -  Dept  5400  -  MS  167 
P.0.  Box  15699C 
Sacramenta,  CA  95813 

Dr.  R.  Olsen 

Aerojet  Strategic  Propulsion  Co. 
Bldg.  05025  -  Dept  5400  -  MS  167 
P.0.  Box  15699C 
Sacramento,  CA  95813 


Dr.  J.  Pastine 

Naval  Sea  Systems  Command 

Code  07CT 

Arlington,  VA  22217 


Dr.  Henry  P.  Marshall 
Dept.  93-50,  Bldg  204 
Lockheed  Missile  &  Space  Co. 
3251  Hanover  St. 

Palo  Alto,  CA  94304 


Dr.  Ingo  W.  May 

Army  Ballistic  Research  Lab. 

ARRADCOM 

Code  DRXBR  -  1BD 

Aberdeen  Proving  Ground,  MD  21005 
Dr.  R.  McGuire 

Lawrence  Livermore  Laboratory 
University  of  California 
Code  L-324 

Livermore,  CA  94550 
P.A.  Miller 

736  Leavenworth  Street,  # 6 
San  Francisco,  CA  94109 

Dr.  W.  Moniz 
Naval  Research  Lab. 

Code  6120 

Washington,  DC  20375 

Dr.  K.F.  Mueller 
Naval  Surface  Weapons  Center 
Code  Rll 
White  Oak 

Silver  Spring,  MD  20910 
Prof.  M.  Nicol 

Dept,  of  Chemistry  &  Biochemistry 
University  of  California 
Los  Angeles,  CA  90024 


RI/RD86  216 
26 


Dr.  Randy  Peters 

Aerojet  Strategic  Propulsion  Co. 

Bldg.  05025  -  Dept  5400  -  MS  167 
P.0.  Box  15699C 
Sacramento,  CA  95813 

Dr.  D.  Mann 

U.S.  Army  Research  Office 
Engineering  Division 
Box  12211 

Research  Triangle  Park,  NC  27709-2211 

Mr.  R.  Geisler 
ATTN:  DY /MS-24 
AFRPL 

Edwards  AFB ,  CA  93523 


Naval  Air  Systems  Command 
ATTN:  Mr.  Bertram  P.  Sobers 
NAVAIR-320G 

Jefferson  Plaza  1,  RM  472 
Washington,  DC  20361 

R.B.  Steele 

Aerojet  Strategic  Propulsion  Co. 
P.0.  Box  15699C 
Sacramento,  CA  95813 

Mr.  M.  Stosz 

Naval  Surface  Weapons  Center 
Code  R10B 
White  Oak 

Silver  Spring,  MD  20910 

Mr.  E.S.  Sutton 
Thiokol  Corporation 
Elkton  Division 
P.0.  Box  241 
Elkton,  MD  21921 

Dr.  Grant  Thompson 
Morton  Thiokol,  Inc. 

Wasatch  Division 
MS  240  P.0.  Box  524 
Brigham  City,  UT  84302 


Mr.  L.  Roslund 

Naval  Surface  Weapons  Cpnfer 

Code  R10C 

White  Oak,  Silver  Spring,  MD  20910 

Dr.  David  C.  Sayles 
Ballistic  Missile  Defense 
Advanced  Technology  Center 
P.0.  Box  1500 
Huntsville,  AL  35807 


Director 

US  Army  Ballistic  Research  Lab. 
ATTN:  DRXBR-IBD 

Aberdeen  Proving  Ground,  MD  21005 
Commander 

US  Army  Missile  Command 
ATTN:  DRSMI-RKL 

Walter  W.  Wharton 
Redstone  Arsenal,  AL  35898 

T.  Yee 

Naval  Weapons  Center 
Code  3265 

China  Lake,  CA  93555 
Dr.  E.  Zimet 

Office  of  Naval  Technology 
Code  071 

Arlington,  VA  22217 

Dr.  Ronald  L.  Derr 
Naval  Weapons  Center 
Code  389 

China  Lake,  CA  93555 
T.  Boggs 

Naval  Weapons  Center 
Code  389 

China  Lake,  CA  93555 

Lee  C.  Estabrook,  P.E. 

Morton  Thiokol,  Inc. 

P.0.  Box  30058 
Shreveport,  LA  71130 


RI/RD86-  216 


Mr.  J.  Consaga 

Naval  Surface  Weapons  Center 
Code  R-16 

Indian  Head,  MD  20640 

Naval  Sea  Systems  Command 
ATTN:  Mr.  Charles  M.  Christensen 
NAVSEA62R2 

Crystal  Plaza,  Bldg.  6,  Rm  806  - 

Washington,  DC  20362 


Mr.  R.  Beauregard 
Naval  Sea  Systems  Command 
SEA  64 E 

Washington,  DC  20362 


Dr.  Anthony  J.  Matuszko 

Air  Force  Office  of  Scientific  Research 

Directorate  of  Chemical  &  Atmospheric 

Sciences 

Bolling  Air  Force  Base 
Washington,  DC  20332 

Dr.  Michael  Chaykovsky 
Naval  Surface  Weapons  Center 
Code  Rll 
White  Oak 

Silver  Spring,  MD  20910 
J.J.  Rocchio 

USA  Ballistic  Research  Lab. 

Aberdeen  Proving  Ground,  MD  21005-5066 

G.A.  Zimmerman 
Aerojet  Tactical  Systems 
P.0.  Box  13400 
Sacramento,  CA  95813 

B.  Swanson 
INC-4  MS  C-346 

Los  Alamos  National  Laboratory 
Los  Alamos,  New  Mexico  87545 


Dr.  L.H.  Caveny 

Air  Force  Office  of  Scientific 

Research 

Directorate  of  Aerospace  Sciences 
Bolling  Air  Force  Base 
Washington,  DC  20332 

W.G.  Roger 
Code  5253 

Naval  Ordance  Station 
Indian  Head,  MD  20640 

Dr.  Donald  L.  Bell 

Air  Force  Office  of  Scientific 

Research 

Directorate  of  Chemical  & 
Atmospheric  Sciences 
Bolling  Air  Force  Base 
Washington,  DC  20332 

Dr.  H.G.  Adolph 
Naval  Surface  Weapons  Center 
Code  Rll 
White  Oak 

Silver  Spring,  MD  20910 


U.S.  Army  Research  Office 
Chemical  &  Biological  Sciences 
Division 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 


G.  Butcher 
Hercules,  Inc. 

MS  X2H 
P.0.  Box  98 
Magna,  Utah  84044 

W.  Waesche 

Atlantic  Research  Corp. 
7511  Wellington  Road 
Gainesville,  VA  22065 


RI/R086-21 6 


--V-WV  - 


■-iVl>VwVw- 


NR 


>  •  . 


*  <r  a  -• 


o  r-T-.'  -  .■ '.■>.» 1 .’  •,B>.v." a  'V  .\  '5  jt'v v.^r 


'•»  p^T^T' 


>f7’ 


Dr.  R.F.  Walker 

Chief,  Energetic  Materials  Division 

DRSMC-LCE  (D),  B-3022 

USA  ARDC 

Dover,  NJ  07801 


Dr.  D.D.  Dillehay 
Morton  Thiokol,  Inc. 
Longhorn  Division 
Marshall,  TX  75670 


Dr.  Janet  Wall 
Code  012 

Director,  Research  Administration 
Naval  Postgraduate  School 
Monterey,  CA  93943 


G.T.  Bowman 

Atlantic  Research  Corp. 
7511  Wellington  Road 
Gainesville,  VA  22065 


R.E.  Shenton 
Atlantic  Research  Corp. 
7511  Wellington  Road 
Gainesville,  VA  22065 

Mike  Barnes 

Atlantic  Research  Corp. 
7511  Wellington  Road 
Gainesville,  VA  22065 

Dr.  Lionel  Dickinson 
Naval  Explosive  Ordinance 
Disposal  Tech.  Center 
Code  D 

Indian  Head,  MD  20340 


Brian  Wheatley 
Atlantic  Research  Corp. 

7511  Wellington  Road 
Gainesville,  VA  22065 

Mr.  G.  Edwards 

Naval  Sed  Systems  Command 

Code  62R32 

Washington,  DC  20362 
C.  Dickinson 

Naval  Surface  Weapons  Center 
White  Oak,  Code  R-13 
Silver  Spring,  MD  20910 


Prof.  J.T.  Dickinson 
Washington  State  University 
Dept,  of  Physics  4 
Pullman,  WA  99164-2814 

M.H.  Miles 
Dept,  of  Physics 
Washington  State  University 
Pullman,  WA  99164-2814 

Dr.  T.F.  Davidson 

Vice  President,  Technical 

Morton  Thiokol,  Inc. 

Aerospace  Group 

110  North  Wacker  Drive 

Chicago,  Illinois  60606 


Prof.  John  Deutch 
MIT 

Department  of  Chemistry 
Cambridge,  MA  02139 

Dr.  E.H.  deButts 
Hercules  Aerospace  Co. 

P.0.  Box  27408 

Salt  Lake  City,  UT  84127 

David  A.  Flanigan 

Director,  Advanced  Technology 

Morton  Thiokol,  Inc. 

Aerospace  Group 

110  North  Wacker  Drive 

Chicago,  Illinois  60606 


RI/RD86-216 

29 


r  tv -V'.'v r.  •.» ■-» v  rr.v*,,.»'.'  ■  V » V * V "Vi •» '.■» v* i— ’ I.~g v  v* yry» 

> 

> 

•  Dr.  G.  Neece 

)  Office  of  Naval  Research 

|  Code  413 

P  Arlington,  VA  22217 

T-  r  %  i  t  I  'twvi 

Dr.  Andrew  C.  Victor 

Naval  Weapons  Center 

Code  3208 

China  Lake,  CA  93555 

P  Mr.  C.M.  Havlik 

J  0/83-10,  B/157-3W 

S  Lockheed  Missiles  &  Space  Co.,  Inc. 

I  P.0.  Box  5C4 

5  Sunnvale,  CA  94086 

rt 

Dr.  J.C.  Hinshaw 

Morton  Thiokol  Inc. 

P.0.  Box  524 

Mail  Stop  240 

Brigham  City,  Utah  84302 

£  Dr.  Philip  Howe 

Ballistic  Research  Labatory 
v  Code  DRXBR-TBD 

|  Aberdeen  Proving  Ground,  MD  21005 

Dr.  V.J.  Keenan 

Anal-Syn  Lab.  Inc. 

P.0.  Box  547 

Paoli,  PA  19301 

V 

L  Prof.  C.  Sue  Kim 

/  Department  of  Chemistry 

California  State  University,  Sacramento 
Sacramento,  California  95819 

s 

G.E  Manser 

Morton  Thiokol 

Wasatch  Division 

P.0.  Box  524 

Brigham  City,  Utah  84302 

Mr.  J.  Moniz 

Naval  Ordnance  Station 

Code  5253L 

I"'  Indian  Head,  MD  20640 

| 

P.  Politzer 

Chemistry  Department 

University  of  New  Orleans 

New  Orleans,  Louisiana  70148 

Dr.  R.  Reed  Jr. 

Naval  Weapons  Center 

Code  38904 

China  Lake,  CA  93555 

Mr.  David  Siegel 

Office  of  Naval  Research 

Code  253 

Arlington,  VA  22217 

K  L.H.  Sperling 

'I  Materials  Research  Center  ^32 

Lehigh  University 

Bethlehem,  PA  18015 

Dr.  Rodney  L.  Wilier 

Morton  Thiokol,  Inc. 

P.0.  Box  241 

Elkton,  MD  21921 

Dr.  Kurt  Baum 

P  Fluorochem,  Inc. 

680  South  Ayon  Ave. 

Azusa,  CA  91702 

I-.' 

V: 

K 

?  • 

. 

V. 

Dr.  R.  Atkins 

Naval  Weapons  Center 

Code  3852 

China  Lake,  CA  93555 

*  • 

\ 

!*•  RI/RD86-  21 6 

a 

r 

■'  .  .  . . 

t  ‘  ^  ^ "4*  *l<* 

Prof.  J.H.  Boyer 
University  of  Illinois 
Department  of  Chemistry 
Box  4348 

Chicago,  Illinois  60680 

Prof.  J.C.  Chien 
University  of  Massachusetts 
Department  of  Chemistry 
Amherst,  MA  03003 

Dr.  B.  David  Halpern 
Polysciences,  Inc. 

Paul  Valley  Industrial  Park 
Warrington,  PA  18976 

Dr.  M.B.  Frankel 
Rockwell  International 
Rocketdyne  Division 
6633  Canoga  Avenue 
Canoga  Park,  CA  91304 

Dr.  R.A.  Earl 
Hercules,  Inc. 

Magna,  Utah  84109 

Dr.  C.  Bedford 
SRI  International 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

Dr.  Robert  R.  Ryan 
INC-4,  MS  C346 

Los  ALamos  National  Laboratory 
Los  Alamos,  New  Mexico  87545 


Dr.  Robert  D.  Champraan 
AFRPL/LKLR 

Edwards  AFB ,  CA  93525 


Dr.  L.  Erwin 
MIT 

Room  35-008 
Cambridge,  MA  02139 


Dr.  W.H.  Graham 
Morton  Thiokol,  Inc. 
Hunstville  Division 
Hunstville,  AL  35807-7501 

Dr.  C.  Coon 

Lawrence  Livermore  Lab. 
University  of  California 
P.O.  Box  808 
Livermore,  CA  94550 

Dr.  R.  Gilardi 

Naval  Research  Laboratory 

Code  6030 

Washington,  DC  20375 

Dr.  Alan  Marchand 
Dept,  of  Chemistry 
North  Texas  State  University 
NTSU  Station,  Box  5068 
Denton,  Texas  76203 

T.B.  Brill 

Department  of  Chemistry 
University  of  Delaware 
Newark,  Delaware  19716 

Dr.  A. A.  Defusco 
Code  3858  - 
Naval  Weapons  Center 
China  Lake,  CA  93555 

Dr.  Richard  A.  Hollins 
Naval  Weapons  Center 
Code  3853 

China  Lake,  CA  93555 

Dr.  R.  Armstrong 
MIT 

Room  66-505 
Cambridge,  MA  02139 

Professor  Philip  E.  Eaten 
Departmant  of  Chemistry 
University  of  Chicago 
5735  South  Ellis  Avenue 
Chicago,  IL  60637 


RI/RD86-21 6 


Dr.  John  S.  Wilkes,  Jr. 
FJSRL/NC 

USAF  Academy,  CO  80840 


Dr.  James  T.  Bryant 
Naval  Weapons  Center 
Code  3205B 

China  Lake,  CA  93555 

Dr.  L.  Rothstein 
Assistant  Director 

Naval  Explosives  Dev.  Engineering  Dept. 
Naval  Weapons  Station 
Yorktovm,  VA  23691 

Dr.  M.J.  Kamlet 

Naval  Surface  Weapons  Center 

Code  Rll 

White  Cak,  Silver  Spring,  MD  20910 

Dr.  Henry  Webster  III 
Manager,  Chemical  Sciences  Branch 
ATTN:  Code  5063 
Crane,  IN  47522 


Dr.  H.  Rosenwasser 
AIR320R 

Naval  Air  Systems  Command 
Washington,  DC  20361 


Dr.  A.  Nielsen 
Naval  Weapons  Center 
Code  385 

China  Lake,  CA  93555 

Dr.  Joyce  J.  Kaufman 
The  JohnS  Hopkins  University 
Department  of  Chemistry 
Baltimore,  MD  21218 


RI/RD86-216 


